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Introduction
The worldwide prevalence of overweight and obesity in children and adolescents has increased in recent decades [1] . An estimated 170 million children under 18 years of age were overweight or obese in 2008, and it has been projected that approximately 30% of all children will be affected by these conditions by 2030 [2, 3] . The prevalence of a body mass index (BMI) at or higher than the 95 th percentile among children between the ages of 6 and 11 years in the United States increased from 4.2% in 1963-1965 to 15 .3% in 1999-2000, before plateauing during the first decade of the 21 st century [4, 5] . The overall prevalence of overweight, including obesity, in school children in European countries was estimated at 20.5%: 15.6% for overweight and 4.9% for obesity. The proportion of overweight and obesity was 24.5% in Eastern Asia countries and 11.9% in the Western Asia regions [6] . The World Health Organization (WHO) has estimated that the majority of overweight or obese children live in developing countries, where the rates are increasing faster than in developed countries [7] . A comparative study across developing countries reported that prevalence rates of obesity in adolescents in Asia are highest [8] . Furthermore, there are large within and between countries variations across Asia: 3.5% in rural Bangladesh to over 65% in the Maldives [9] , 30% in Iran and Saudi Arabia and approximately 12.5% for Chinese children [10] .
Obesity in early life is a precursor to obesity in adulthood [2] , and excess weight in adults is associated with many adverse health outcomes including type 2 diabetes, hypertension, dyslipidaemia, cardiovascular diseases and type of cancers [2] . The current increasing prevalence of childhood overweight and obesity will therefore adversely affect the burden of obesity-related diseases and their consequences on families and health systems in the near future [11] . The etiological factors for childhood obesity include genetic, metabolic, and behavioural components [12] . In spite of the demonstrated genetic influence, a strong obesogenic environment is essential for its phenotypic expression of overweight and obesity [11, 13] . However, environmental modulators of the energy intake and expenditure (the imbalance of which leads to overweight and obesity) vary across regions. Studies in the Middle East have reported that among all of the lifestyle factors, overweight and obesity exhibited significant associations with less frequent vigorous physical activity, consumption of breakfast, vegetables and frequent sugar-sweetened beverage consumption [13] . Although there are some profound differences among Asian countries including socio-economic status, diversity of the cultures, races and genetics, the main contributors to the increasing burden of obesity and overweight among children and adolescents in Asia are very similar [13] . Childhood and adolescence is a short-term, but important, window of opportunity for the prevention management and control of obesity and related health consequences. In this regard, reliable data on the burden are a solid foundation of such prevention efforts. Regarding the size and diversity of the population of Asia and its high number of developing countries, the population of children and adolescents in Asia represents a relatively large proportion of the global population of children and adolescents in developing countries.
We performed a systematic review and metaanalysis to determine the prevalence of childhood and adolescent overweight and obesity in Asian countries, with a view to providing accurate data for monitoring future trends.
Material and methods

Literature search
This systematic review is reported according to the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) Statement [14] . The study protocol was registered with the International Prospective Register of Systematic Reviews, PROSPERO (registration no: CRD42016033061). We aimed to identify prevalence studies in Asian countries published from Jan 1, 1999, to May 30, 2017 . A combination of words from the dictionary Medical Subject Heading Terms (MeSH) descriptors, and Boolean operators were used to search PUBMED, EMBASE, Web of Science, SCOPUS and Gray Literature sources with a range of search terms (Tables I and II ). An expert librarian helped in designing the search strategy framework and implementing searches. Websites of relevant agencies such as the International Association for the Study of Obesity (IASO), the International Obesity Task Force, the Global School-based Student Health Survey and World Health Organization (WHO) were browsed. Additionally, we performed a manual search for other articles and references of published articles, and sent email requests to corresponding authors for additional data where relevant. To further minimize the effect of any publication bias, a snowball method, characterized by manual checking of references from retrieved articles, was applied. We also searched grey literature databases including the Virtual Library for Public Health and the System for Information on Grey Literature.
To be included in this systematic review, primary studies had to meet these criteria: 1) population-based cross-sectional or cohort studies reporting the prevalence of overweight and obesity Arch Med Sci 6, October / 2018 1187 in children and adolescents, 2) studies conducted in Asians after 1999 and published between January 1999 and May 30, 2017, 3) age of the participants ranging between 5 and 19 years, with 5-11 years defining children and 12-19 years defining adolescents, 4) original studies containing a minimum of information necessary to calculate pooled analysis of prevalence (number of subjects, sample size), 5) articles with at least the abstract in English language, 6) obesity and overweight defined using directly measured anthropometries and not based on self-report, 7) participants residing in Asian countries, irrespective of ethnic, socioeconomic, and educational backgrounds. Studies were excluded if: 1) they were done in clinical settings and/or in participants with special medical conditions, 2) they were conducted in Asians living outside Asia, 3) they were based on self-reported weight or height, 4) were narrative reviews, commentaries, opinion pieces, methodological, editorials, letters or any other publications lacking primary data and/or explicit method descriptions, 5) they did not report the prevalence of obesity or overweight separately for children and adolescents. When authors presented the results of the same study in more than one paper, the most recent and most comprehensive paper was included.
Selecting studies for inclusion
We started with the removal of duplicates; next, two reviewers excluded some papers based on titles and abstracts only. Then eligibility was further assessed via the full text (Figure 1 ). Disagreements between reviewers were resolved by consensus.
Assessment of the methodological quality of included studies
We assessed the methodological quality of included studies in terms of internal validity, external validity, response rate, and generalizability of study results. We used the ten-item rating system developed by Hoy et al. [15] and modified by Werfalli et al. [16] (Table III) to assess sampling, the sampling frame and size, outcome measures, outcome assessment, response rate, and statistical reporting [15] . Each item was assigned a score of 1 (yes) or 0 (no), and scores were summed across items to generate an overall quality score that ranged from 0 to 10. Each study was rated as having a low, moderate, or high risk of bias depending on the number of questions answered as "yes (low risk)": studies at low risk of bias had scores higher than 8, moderate a score of 6-8, and high a score of 5 or lower [15] 
Data extraction and management
Two reviewers extracted data onto a purpose-designed data extraction form and independently summarized what they considered to be the most important results from each study. These summaries were compared and disagreements resolved by discussion and consultation with a third reviewer. Any further calculations on study data considered necessary were conducted by the first reviewer and checked by the second reviewer. Study characteristics including prevalence of obesity and/or overweight, country where the study was conducted, year of publication, study population, age range, sex (boys, girls, or combined), response rate, study design, criteria for sample selection and sample size, diagnostic criteria, results and notes/comments are presented in Table IV . When a study did not present the mean age of the subjects in each age group we assumed the mid-point of the age interval. When an age group also included subjects older than 19 years (e.g. age group 17-22 years), we computed the mid-point and excluded the data if the mid-point year was higher than 19 years old. Data for age ranges that covered more than one age group were not extracted.
Diagnosis of obesity and overweight in included studies
In the case of diagnosis of obesity in school-age children and adolescents (5-19 years) the International Obesity Task Force (IOTF) [17] and the WHO 2007 methods [18] were used. Different classification methods used different cut-off points and reference populations. For school-age children and adolescents (5-19 years), the two most widely used classification methods were the IOTF [17] and the WHO 2007 methods [18] , both using BMI. WHO criteria were used for overweight and obesity in adults [18] .
Data synthesis and analysis
Data extraction and synthesis was based on Cochrane Handbook recommendations [19] . We used a random-effects meta-analysis model to aggregate prevalence estimates across studies while accounting for the between-study variability [20] . Heterogeneity between studies was assessed with Cochran's χ 2 test based on a 10% level of significance cut-off (due to the low power of the test) and the I 2 statistic where values of 25%, 50% and 75% reflect low, medium and high heterogeneity, respectively [14] . We explored sources of heterogeneity by comparing obesity and overweight prevalence between subgroups defined by several study level characteristics. In order to evaluate the influence of each study on the overall effect size, sensitivity analysis was conducted using the leaveone-out method, i.e. removing one study each time and repeating the analysis [21] [22] [23] . Potential publication bias was explored using visual inspection of Begg's funnel plot asymmetry, Begg's rank correlation and Egger's weighted regression tests. Duval and Tweedie 'trim and fill' and 'fail-safe N' methods were used to adjust the analysis for the effects of publication bias [24] . Meta-analysis was conducted using Comprehensive Meta-Analysis (CMA) V3 software (Biostat, NJ) [25] .
Results
Summary of searches and study selection process
The searches identified 22,286 citations. After screening of titles and abstracts, and removal of duplicates, 12,635 studies were selected for further scrutiny, of which 210 were selected for fulltext review. Of these, 47 studies (n = 71,998 and 353,513 for children and adolescents, respectively) met the inclusion criteria and were included in this systematic review (Figure 2 ).
Methodological quality of included studies
From all the studies, 30 of them were considered as having a "low risk of bias" while the rest of them had a "moderate risk of bias". Six surveys did not report how subjects were selected; 26 studies mentioned random selection as a selection technique while 12 surveys reported a non-random sampling method. Nineteen studies stated the response rates, which ranged from 71.1% to 100% (median: 85.5%).
Characteristics of included studies
The characteristics of the included studies are summarized in Table V . Of the 44 countries of the Asian continent, 15 were represented in this systematic review: five studies from India [26] [27] [28] [29] [30] , eight from Iran [31] [32] [33] [34] [35] [36] [37] [38] , seven from Saudi Arabia [13, [39] [40] [41] [42] [43] , three from Kuwait [44] [45] [46] , four from Taiwan [47] [48] [49] [50] , four from China [51] [52] [53] [54] , two from the United Arab Emirates [55, 56] , four from Jordan [57] [58] [59] [60] , two from Bahrain [61, 62] , two from Japan [63, 64] and one from Singapore [65] , Thailand [66] , Malaysia [67] , Israel [68] , Pakistan [69] and Turkey [70] . Two studies conducted in Israel and Thailand [66, 68] had national coverage while the remainder were subnational. Different diagnosis criteria for obesity and overweight were Prevalence by age, sex, region, and type of residence
Overall prevalence of obesity
The overall prevalence of obesity was 5.8% (n = 4175) (95% CI: 4.6-7.3; 43 studies, heterogeneity p = 0.214; I 2 = 6.3%) in children ( Figure 1 ) and 8.6% (n = 30,402) (95% CI: 7.2-10.2; 47 studies, heterogeneity p = 0.318; I 2 = 4.1%) in adolescents (Figure 3) . The prevalence of obesity in children by diagnostic criteria was 6.7% (95% CI: 6.1-7.5; 7 studies, heterogeneity p = 0.091; I 2 = 4.2%) for CDC, 3.1% (95% CI: 2.8-3.3; 14 studies, heterogeneity p = 0.122; I 2 = 6.9%) for IOTF, 12.1% (95% CI: 11.0-12.9; 14 studies, heterogeneity p = 0.213; I 2 1.3%) for WHO and 12.8% (95% CI: 12.3-13.4; 8 studies, heterogeneity p = 0.203; I 2 = 4.6%) for Cole criteria; p < 0.001 for the difference in the prevalence of obesity across criteria in children.
The prevalence of obesity in adolescents by diagnostic criteria was 15.3% (95% CI: 13.7-17.1; 4 studies, heterogeneity p = 0.412; I 2 = 6.3%) for CDC, 8.9% (95% CI: 8.4-9.3; 10 studies, heterogeneity p = 0.124; I 2 = 2.1%) for IOTF, 14.1% (95% CI: 13.7-14.6; 4 studies, heterogeneity p = 0.532; I 2 = 9.6%) for NCHC, 8.8% (95% CI: 8.7-8.9; 23 studies, heterogeneity p = 0.421; I 2 = 8.3%) for WHO, 9.0% (95% CI: 7.3-11.1; 1 study, heterogeneity p = 0.100; I 2 = 0.0%) for NHANES, 4.4% (95% CI: 3.9-5.0; 3 studies, heterogeneity p = 0.632; I 2 = 1.2%) for Cole and 5.4% (95% CI: 5.2-5.6; 2 studies, heterogeneity p = 0.100; I 2 = 0.0%) for the Chinese index; p < 0.001 for the difference in the prevalence of obesity across criteria in adolescents.
Overall prevalence of overweight
The overall prevalence of overweight was 11.2% (n = 7902) (95% CI: 9.3-13.4; 39 studies, heterogeneity p = 0.183; I 2 = 6.4%) in children ( Figure 4 ) and 14.6% (n = 46,886) (95% CI: 12.5-17.1; 51 studies, heterogeneity p = 0.128; I 2 = 9.7%) in adolescents ( Figure 5 ). The prevalence of overweight in children by diagnostic criteria was 8.8% (95% CI: 8.1-9.6; 7 studies, heterogeneity p = 0.421; I 2 = 4.6%) for CDC, 10.8% (95% CI: 10. 
Prevalence of obesity and overweight by sex
The overall prevalence of obesity in children by gender was 7.0% (n = 2631) (95% CI: 5.0-9.6; 21 studies, heterogeneity p = 0.262; I 2 = 6.9%) in boys and 4.8% (n = 1561) (95% CI: 3.4-6.8; 21 studies, heterogeneity p = 0.102; I 2 = 2.1%) in girls; p < 0.001 for the difference by gender. The overall prevalence of obesity in adolescents by gender was 10.1% (n = 17,989) (95% CI: 8.0-12.6; 24 studies, heterogeneity p = 0.832; I 2 = 1.4%) in boys and 6.2% (n = 10,872) (95% CI: 4.6-8.2; 25 studies, heterogeneity p = 0.209; I 2 = 9.2%) in girls; p < 0.001 for the difference by gender.
The overall prevalence of overweight in children by gender was 11.7% (n = 4296) (95% CI: Cao et 
Prevalence of obesity and overweight by region
Childhood obesity prevalence in urban boys and girls was 6.6% (95% CI: 4.3-9.9; heterogeneity p = 0.425; I 2 = 6.2%) and 4.6% (95% CI: 3.1-6.7; heterogeneity p = 0.329; I 2 = 8.3%), and for overweight it was 12.6% (95% CI: 8.9-17.6; heterogeneity p = 0.211; I 2 = 2.1%) and 10.8% (95% CI: 7.8-14.8; heterogeneity p = 0.159; I 2 = 1.4%) respectively.
The prevalence of obesity in urban adolescent boys and girls was 10.3% (95% CI: 7.7-13.7; heterogeneity p = 0.825; I 2 = 2.1%) and 6.6% (95% CI: 4.8-9.0; heterogeneity p = 0.742; I 2 = 6.3%) and for overweight it was 17.1% (95% CI: 14.3-20.1; heterogeneity p = 0.269; I 2 = 1.3%) and 14.8% (95% CI: 11.7-18.6; heterogeneity p = 0.867; I 2 = 8.6%) respectively.
Sensitivity analysis
In leave-one-out sensitivity analyses, the pooled effect estimates remained similar across all studies and within specific subgroups (Table VI) between the studied groups is the overall effect from all included studies.
Publication bias
Visual inspection of funnel plot symmetry suggested no potential publication bias for the overall prevalence of obesity in children and adolescents (Figures 6 and 7) . The presence of publication bias was also not suggested by Begg's rank correlation test (Kendall's t with continuity correction = -0.17, z = 1.61, p = 0.107 in children and -0.13, z = 1.30, p = 0.192 in adolescents). After adjustment of effect sizes for potential publication bias using the 'trim and fill' correction, no potentially missing studies were imputed in the funnel plot (Figures 8 and 9 ). The 'fail-safe N' test showed that 7525 studies (in children) and 8070 studies (in adolescents) would be needed to bring the result to a non-significant (p > 0.05) value.
Discussion
This study has systematically evaluated the scientific literature to provide robust estimates for obesity and overweight prevalence by age group, sex and setting in children and adolescents in Asian countries. The overall prevalence of obesity was 5.8% in Asian children and 8.6% in adolescents. Equivalents for overweight were 11.2% in children and 14.6% in adolescents. The overall prevalence by gender was 7.0% and 4.8% in boys and girls for obesity in children, and 11.7% and 10.9% in boys and girls respectively for overweight in children. Furthermore, according to our findings, childhood obesity prevalence in urban boys Cao et and girls was 6.6% and 4.6% and for overweight it was 12.6 and 10.8% respectively, and the prevalence of obesity in urban adolescent boys and girls was 10.3% and 6.6%, while for overweight it was 17.1% and 14.8% respectively. In line with our findings, some systematic reviews have reported on growing prevalence of obesity and overweight among children and adolescents. The Global Burden of Disease Study estimated that the prevalence of obesity/overweight in children and adolescents in developing countries was 12.9% for boys and 13.4% for girls in 2013 [76] . A meta-analysis concluded that the prevalence of obesity in children and adolescents aged 2 to 19 years in the United States in 2011-2014 was 17.0%, while the prevalence of extreme obesity was 5.8% [77] . The combined prevalence of overweight and obesity in European children below the age of 10 ranged from > 40% in southern Europe to < 10% in northern Europe [78] . These findings confirm the high prevalence of overweight and obesity in children and adolescents worldwide. In another study in which worldwide trends in mean BMI in children and adolescents were estimated, they reported that the rising trends in children's and adolescents' BMI have plateaued in many high-income countries, albeit at high levels, but have accelerated in parts of Asia [79] .
Different definitions have been used for childhood and adolescent obesity; thus, it is difficult to make meaningful comparisons across countries and studies. According to the cut-off point references when used to compare the obesity status in this meta-analysis, we found that compared with the CDC criteria, the IOTF, WHO and Cole definitions tend to underestimate the prevalence of obesity and overestimate the prevalence of overweight among Asian children and adolescents.
The WHO reported that childhood overweight and obesity could be the results of the changing life style including consuming high energy-dense diets that are high in fat content and carbohydrate but low in vitamins and minerals, and doing less physical activity because of the sedentary lifestyles [80] . Asian investigations have reported epidemiologic transition along with a notable nutrition transition in the Asian child and adolescent population, and suggested that urbanization in most parts of Asia is associated with increased sedentary behaviour and lack of physical activity [28, 81] , due to a lack of play areas, both in the community and in schools, as well as increasing time spent watching television and playing computer games [82, 83] . Additionally, due to more recent widespread availability of fast food shops in Asian countries, increasing consumption of junk foods has also contributed to dietary changes [83] . Furthermore, it has been reported that socioeconomic status (SES) influences the prevalence of childhood overweight and obesity [84] . National studies have confirmed a diet with higher energy-dense, animal-based foods in childhood with a high SES, and desire in city children to have a lower intake of fruit and vegetables [85] . It has been reported that urban families spend more time watching television, have less sleep and digital playing. Moreover, compared to rural area, subjects in urban areas have easier access to cars, which could be a contributing factor [86] .
In our study the prevalence of obesity and overweight differed by sex. We found that girls had a lower prevalence of obesity than boys, and this ratio in adolescents was higher in boys compared to girls. It could be due to differences in body fat composition or physical activity, or the fact that girls care more about their appearance and pay higher attention to their body image than boys [87] . Boys and girls differ in several factors such as body composition, hormone biology and susceptibility to certain social, patterns of weight gain, ethnic, genetic, and environmental factors, which can explain gender differences [88] . 
